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(54) Packet scheduling method and apparatus for downlink transmission to mobile terminals 



(57) In a packet repeater of a wireless base station, 
a packet analyzer receives uplink packets from mobile 
terminals and stores data indicating quality of each wire- 
less link between the base station and each mobile ter- 
minal in a memory. A packet sorter receives downlink 
packets from a network and stores the received packets 
into buffers according to the destinations of downlink 
packets and their service classes. According to the data 



stored in the memory, packets in the buffers are into a 
first group of queues in which quality of service is not 
satisfied and a second group of queues in which quality 
of service is satisfied. A packet scheduler sequentially 
transmits all packets from the first-group queues to mo- 
bile terminals, and reorders the second-group queues 
in a descending order of their qualities of wireless links 
and sequentially transmits all packets from the reor- 
dered queues to the mobile terminals. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates generally to 
packet communication, and more specifically to a meth- 
od and an apparatus for scheduling packets for downlink 
transmission to mobile terminals from a cell-site base 
station. 

Description of the Related Art 

[0002] A number of packet scheduling techniques are 
known in the art. One of the known techniques is the 
round-robin system which is currently under study by the 
High Speed Downlink Speed Access System (HSDPA) 
of the 3rd Generation Partnership Project (3GPP) and 
is known as "Physical Layer Aspects for High Speed 
Downlink Packet Access", 3GPP TR25. 848. 2001. In 
this system, downlink packets are transmitted in a 
round-robin fashion from a base station equally to mo- 
bile terminals. Since fairness is ensured when assigning 
time slots, equitable throughputs are realized. Another 
technique known as the Max C/l system ("Physical Lay- 
er Aspects for High Speed Downlink Packet Access", 
3GPP TR25. 848. 2001), also currently understudy by 
3GPP, uses the carrier-to-interference ratios of wireless 
links and transmits downlink packets in a descending 
order of their C/l ratios. However, these known tech- 
niques are still unsatisfactory in terms of fairness and 
throughput. Additionally, in both of these known tech- 
niques no consideration is taken with regard to quality 
of service. 

[0003] According to another technique called "CBQ 
with CSDPS" as discussed in a paper "Controlled Mul- 
timedia Wireless Link Sharing via Enhanced Class- 
Based Queuing with Channel-State-Dependent Packet 
Scheduling", Fragouli et al., INFOCOM '98, packets are 
transmitted at guaranteed data rates according to differ- 
ent services and residual bandwidths are equally as- 
signed to mobile terminals. Qualities of wireless links 
are also taken into account for downlink transmission. 
However, packet transmission is perform in so far as the 
wireless link satisfies a predetermined quality level. As 
a result, the data rates of all downlink packet transmis- 
sions of a whole cell-site tends to decrease to a low lev- 
el. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present invention 
to provide a method and a apparatus for improved pack- 
et scheduling in terms of fairness and throughput, and 
additionally in terms of quality of service. 
[0005] According to a first aspect of the present inven- 
tion, there is provided a method of scheduling packets 



for transmission from a wireless base station to a plu- 
rality of mobile terminals. The method comprises (a) re- 
ceiving packets from a network and forming the received 
packets into a plurality of queues according to destina- 
5 tions of the mobile terminals, (b) reordering the queues 
in a descending order of qualities of wireless links be- 
tween the base station and the mobile terminals, (c) as- 
signing data rates to the queues respectively according 
to the qualities of wireless links, and (d) sequentially 
transmitting packets from the reordered queues to the 
mobile terminals. 

[0006] According to a second aspect, the present in- 
vention provides a method of scheduling packets for 
transmission from a wireless base station to a plurality 
of mobile terminals, which comprises (a) receiving pack- 
ets from a network and forming the received packets into 
a plurality of queues according to destinations of the mo- 
bile terminals, (b) transmitting a packet from one of the 
queues which is formed prior to a predetermined past 
time interval, (c) reordering those of the queues which 
are formed within the predetermined past time interval 
in a descending order of qualities of wireless links be- 
tween the base station and the mobile terminals, and 
(d) sequentially transmitting packets from the reordered 
queues to the mobile terminals. 

[0007] According to a third aspect, the present inven- 
tion provides a method of scheduling packets for trans- 
mission from a wireless base station to a plurality of mo- 
bile terminals, which comprises (a) receiving packets 
from a network and forming the received packets into a 
plurality of queues according to destinations of the mo- 
bile terminals, (b) transmitting at least one mobility man- 
agement packet from one of the queues to the mobile 
terminals, (c) reordering the queues in a descending or- 
der of qualities of wireless links between the base sta- 
tion and the mobile terminals, and (d) sequentially trans- 
mitting packets from the reordered queues to the mobile 
terminals. 

[0008] According to a fourth aspect, the present in- 
vention provides a method of scheduling packets for 
transmission from a wireless base station to a plurality 
of mobile terminals, which comprises (a) receiving pack- 
ets from a network and forming the received packets, 
according to destinations of the mobile terminals, into a 
first group of queues in which quality of service is not 
satisfied and a second group of queues in which quality 
of service is satisfied, (b) sequentially transmitting all 
packets from the queues of the first group to the mobile 
terminals, and (c) reordering the queues of the second 
group in a descending order of qualities of wireless links 
between the base station and the mobile terminals, and 
sequentially transmitting all packets from the reordered 
queues of the second group to the mobile terminals. 
[0009] According to a fifth aspect, the present inven- 
tion provides a packet repeater for repeating packets for 
transmission from a wireless base station to a plurality 
of mobile terminals. The packet repeater comprises a 
memory, a packet analyzer for receiving uplink packets 
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from the mobile terminals and storing data indicating 
quality of each wireless link between the base station 
and each of the mobile terminals in the memory, a plu- 
rality of buffers, a packet sorter for receiving downlink 
packets from a network and storing the received packets 
into the buffers according to destinations of the downlink 
packets, and a packet scheduler for reordering the 
queues in a descending order of qualities of wireless 
links between the base station and the mobile terminals, 
assigning data rates to the queues respectively accord- 
ing to the qualities of wireless links, and sequentially 
transmitting packets from the reordered queues to the 
mobile terminals. 

[001 0] According to a sixth aspect, the present inven- 
tion provides a packet repeater for repeating packets for 
transmission from a wireless base station to a plurality 
of mobile terminals, comprising a memory, a packet an- 
alyzer for receiving uplink packets from the mobile ter- 
minals and storing data indicating quality of each wire- 
less link between the base station and each of the mo- 
bile terminals in the memory, a plurality of buffers, a 
packet sorter for receiving downlink packets from a net- 
work and storing the received packets into the buffers 
according to destinations of the downlink packets, and 
a packet scheduler for transmitting a packet from one of 
the queues which is formed prior to a predetermined 
past time interval, reordering those of the queues which 
are formed within the predetermined past time interval 
in a descending order of qualities of wireless links be- 
tween the base station and the mobile terminals, and 
sequentially transmitting packets from the reordered 
queues to the mobile terminals. 

[001 1] According to a seventh aspect, the present in- 
vention provides a packet repeater for repeating pack- 
ets for transmission from a wireless base station to a 
plurality of mobile terminals, comprising a memory, a 
packet analyzer for receiving uplink packets from the 
mobile terminals and storing data indicating quality of 
each wireless link between the base station and each 
of the mobile terminals in the memory, a plurality of buff- 
ers, a packet sorter for receiving downlink packets from 
a network and storing the received packets into the buff- 
ers according to destinations of the downlink packets, 
and a packet scheduler for transmitting at least one mo- 
bility management packet from one of the queues to the 
mobile terminals, reordering the queues in adescending 
order of qualities of wireless links between the base sta- 
tion and the mobile terminals, and sequentially transmit- 
ting packets from the reordered queues to the mobile 
terminals. 

[0012] According to an eighth aspect, the present in- 
vention provides a packet repeater for repeating pack- 
ets for transmission from a wireless base station to a 
plurality of mobile terminals, comprising a memory, a 
packet analyzer for receiving uplink packets from the 
mobile terminals and storing data indicating quality of 
each wireless link between the base station and each 
of the mobile terminals in the memory, a plurality of buff- 



ers, a packet sorter for receiving downlink packets from 
a network and storing the received packets into the buff- 
ers according to destinations of the downlink packets 
and data stored in the memory to form a first group of 

5 queues in which quality of service is not satisfied and a 
second group of queues in which quality of service is 
satisfied, and a packet scheduler for sequentially trans- 
mitting all packets from the queues of the first group to 
the mobile terminals, and reordering the queues of the 

10 second group in a descending order of qualities of wire- 
less links between the base station and the mobile ter- 
minals and sequentially transmitting all packets from the 
reordered queues of the second group to the mobile ter- 
minals. 

15 

BRIEF DESCRIPTION OF THE DRAWIGNS 

[0013] The present invention will be described in de- 
tail further with reference to the following drawings, in 
20 which: 

Fig. 1 is a block diagram of a downlink repeater ac- 
cording to a first embodiment of the present inven- 
tion; 

25 Fig. 2 is a flowchart of the operation of the packet 
scheduler of Fig. 1 according to a first mode of op- 
eration of the first embodiment; 
Fig. 3 is a flowchart of the operation of the packet 
scheduler of Fig. 1 according to a second mode of 
30 operation of the first embodiment; 

Fig. 4 is a flowchart of the operation of the packet 
scheduler of Fig. 1 according to a third mode of op- 
eration of the first embodiment; 
Fig. 5 is a flowchart of the operation of the band- 
35 width assignment unit of Fig. 1 ; 

Fig. 6 is a block diagram of a downlink repeater ac- 
cording to a second embodiment of the present in- 
vention; 

Fig. 7 is a flowchart of the operation of the packet 
40 scheduler of Fig. 6 according to a first mode of op- 
eration of the second embodiment; 
Fig. 8 is a flowchart of the operation of the packet 
scheduler of Fig. 6 according to a second mode of 
operation of the second embodiment; 
45 Fig. 9 is a flowchart of the operation of the packet 
scheduler of Fig. 6 according to a third mode of op- 
eration of the second embodiment; and 
Fig. 1 0 is a flowchart of the operation of the packet 
scheduler of Fig. 6 according to a fourth mode of 
50 operation of the second embodiment. 

DETAILED DESCRIPTION 

[0014] Referring to Fig. 1, there is shown a downlink 
55 repeater of a wireless base station of a mobile commu- 
nications network according to a first embodiment of the 
present invention. As is well known in the mobile com- 
munications art, the base station, located at a cell site, 
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is one of a plurality of base stations which are connected 
to a packet switched network. The base station estab- 
lishes wireless links with mobile terminals residing with- 
in its cell-site area for uplink and downlink transmissions 
of packets. 

[001 5] From the packet network, the downlink repeat- 
er receives downlink packets of a remote terminal 
through a packet sorter 10 and schedules their timing 
for transmission to a home mobile terminal through a 
wireless interface 15. The downlink repeater includes 
an uplink data analyzer 16. 

[001 6] Through the wireless interface 1 5, uplink pack- 
ets of the home mobile terminal are received and trans- 
mitted to the packet network. Uplink data analyzer 15 
receives these uplink packets and analyzes their con- 
tents to determine their mobile addresses, service 
classes, data rates, QoS (quality of service) flags, re- 
quest flags (byte size or bandwidth), retransmit flags, 
mobility management flags and carrier-to-interference 
values. In the present invention, carrier-to-interference 
ratio is used as a measure of the quality of a wireless 
link (either downlink or uplink) between the base station 
and a mobile terminal. Note that the QoS flag of a queue 
indicates whether or not the QoS parameter of the 
queue is satisfied. Uplink data analyzer 1 6 sets the an- 
alyzed contents into a corresponding entry (row) of a 
flow data memory 17. 

[001 7] Flow data memory 1 7 is partitioned into a plu- 
rality of entries respectively corresponding to buffers 1 2, 
or queues which are identified by queue identifiers (ID). 
When a session begins between home and remote ter- 
minals using a number of different service classes, a 
corresponding number of entries are created for the ses- 
sion in the flow data memory 17. One typical example 
of data for two home mobile terminals is illustrated. 
[001 8] When the packet sorter 1 0 receives a downlink 
packet from the network, it reads a destination mobile 
address and a service class from its header and pro- 
ceeds to read a queue I D from the flow data memory 1 7 
corresponding to the destination mobile address and the 
service class of the downlink packet. Packet sorter 10 
thus identifies a queue for the received packet and in- 
structs a queue manager 11 to establish a connection 
to one of the queues 12 that is identified. The received 
downlink packet is thus placed in the corresponding 
queue, waiting for transmission to the home mobile ter- 
minal. 

[0019] The outputs of the queues 12 are connected 
to a packet scheduler 1 3. Since each queue is a first-in- 
first-out (FIFO) memory, the received downlink packets 
are forwarded to the packet scheduler 13 on a first-in- 
first-out basis. Packet scheduler 13 of the first embodi- 
ment of the present invention reads data from the flow 
data memory 1 7 in a number of ways according to flow- 
charts of Figs. 2, 3 and 4 and determines the priorities 
of the queues 1 2 and forwards a packet from the queue 
of highest priority to the wireless interface 1 5. A retrans- 
mit memory 1 4 is connected to the packet scheduler 1 3 



as a temporary storage for copies of transmitted down- 
link packets. 

[0020] When a downlink packet is sent from a given 
queue to a mobile terminal, the latter responds with an 

5 acknowledgement packet for signaling successful re- 
ceipt of the downlink packet. In response to an acknowl- 
edgement packet, the uplink data analyzer 16 sets a 
"0"in the retransmit flag of an entry of the flow data mem- 
ory corresponding to the given queue. If an acknowl- 

10 edgement packet is not returned within a predetermined 
time interval following the transmission of a downlink 
packet, the uplink data analyzer sets a "1" in the retrans- 
mit flag. 

[0021] In Fig. 2, the packet scheduler uses a queue 

15 cycle counter to detect the timing when a packet trans- 
mission has been performed once for each of the 
queues 12 to prioritize all queues for asubsequentcycle 
of N packet transmissions, where N is equal to the 
number of queues 12. The operation of the packet 

20 scheduler 1 3 begins at decision step 1 01 that checks to 
see if the count value (C) of the queue cycle counter is 
equal to N. If the decision is affirmative at step 101 , the 
packet scheduler 13 proceeds to step 102 to read the 
C/l ratios of all queues from the flow data memory and 

25 reorders the queues 12 in a descending order of their 
carrier-to-interference ratios. Thus, the queue having 
the highest value of C/l ratios is positioned at the top of 
all queues. Additionally, the reordered queues are la- 
beled respectively with count values to indicate their 

30 ranks. In this manner, the top-position queue is labeled 
with a count value indicating the highest rank. 
[0022] At step 103, the packet scheduler assigns re- 
spective data rates to the reordered queues according 
to their C/l ratios so that the top-ranking queue is as- 

35 signed a data rate that is highest of all the assigned data 
rates. In a specific aspect, different C/l ratios of prede- 
termined values are mapped to corresponding weight 
factors in advance in memory. To assign a date rate to 
a queue having a given C/l ratio other than the highest 

40 value, a weight factor is determined for the queue cor- 
responding to the given C/l ratio and the highest date 
rate of the queues is weighted by the weight factor. The 
weighted data rate is then assigned to that queue. 
[0023] The queue cycle counter is then reset to zero 

45 at step 104 and flow proceeds to step 105 to begin a 
packet transmission. 

[0024] At step 105, the packet scheduler extracts a 
packet from a queue labeled with the count value (C) of 
the queue cycle counter and transmits it to the destina- 

50 tion mobile terminal of the packet at the assigned data 
rate of the queue. At step 1 06, the packet scheduler in- 
crements the queue cycle counter by one, and performs 
a packet retransmission subroutine. 
[0025] In the packet retransmission subroutine, the 

55 packet scheduler stores a copy of the transmitted packet 
in the retransmit memory 14 at step 107, and proceeds 
to decision step 1 08 to check to see if the retransmit flag 
of the queue in the flow data memory 1 7 is reset to zero. 
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If the destination mobile terminal has successfully re- 
ceived the packet, the uplink data analyzer 16 must 
have received an acknowledgement packet from the 
mobile terminal within a predetermined time interval and 
reset the retransmit flag to "0". Otherwise, the uplink da- 
ta analyzer has set a "1" in the retransmit flag of the 
queue. If the packet scheduler determines that the re- 
transmit flag of the queue has been set to "0", flow pro- 
ceeds from decision step 1 08 to step 1 09 to discard the 
copy of the packet from the retransmit memory 1 4. If the 
decision at step 108 is negative, the packet scheduler 
proceeds to step 1 1 0 and reads the copy of the packet 
from retransmit memory 14 and transmits it to the des- 
tination mobile terminal and proceeds to step 1 09 to dis- 
card the copy of the packet. 

[0026] At step 1 1 1 , the packet scheduler updates the 
data rates of flow data memory 1 7 the data rates as- 
signed at step 1 02. Flow proceeds to step 1 1 2 to deter- 
mine whether all queues are empty. If all queues are not 
empty, the packet scheduler returns to step 101 to re- 
peat the process. If all queues are empty, the routine is 
terminated. 

[0027] In Fig. 3, the packet scheduler uses the hando- 
ver events that have occurred within a predetermined 
past time interval due to mobile terminals moving into 
the cell-site area of the base station from neighboring 
areas as a decision time instant for the assignment of 
priorities to the queues 12. For this purpose, cache 
memories may be provided for respective entries 
(queues) of the flow data memory to autonomously 
maintain the time lapse of each of new queues created 
in the flow data memory 17 in response to the occur- 
rence of a handover when a mobile terminal enters the 
cell-site area of the base station. 
[0028] The operation of the packet scheduler begins 
at step 201 to make a search through the cache mem- 
ories for queues which have encountered a handover 
within a past 5-second time interval. If such queues are 
detected (step 202), their C/l ratios are read from the 
memory 1 7 and the detected queues are reordered in a 
descending order of their C/l ratios so that the queue 
having the highest C/l ratio is positioned at the top of 
the reordered queues (step 203). A packet is then trans- 
mitted from the top-position queue at the data rate of the 
queue specified in the corresponding entry of flow data 
memory 17 (step 204). 

[0029] If there is no queue that has been created in 
the flow data memory within the past 5-second interval, 
the decision at step 202 is negative and flow proceeds 
to step 205 to select any one of the queues and a packet 
is transmitted from the selected queue at the data rate 
of the queue specified in the flow data memory (step 
206). 

[0030] A packet retransmission subroutine 207 is then 
performed. At step 208, the packet scheduler 13 per- 
forms recalculations on all queues as to their data rates 
by taking into their service classes and other factors and 
updates the flow data memory 1 7. Flow proceeds to step 



209 to determine whether all queues are empty. If all 
queues are not empty, the packet scheduler returns to 
step 201 to repeat the process. If all queues are empty, 
the routine is terminated. 

5 [0031] In Fig. 4, the downlink repeater reserves one 
of the queues 12 as a mobility management queue to 
be used as a storage area of mobility management 
packets and uses the other queues as data queues as 
storage areas of user packets. When the header of a 

10 downlink packet from the packet network indicates that 
the source of the packet is a location register, the packet 
sorter 10 instructs the queue manager 11 to store the 
packet into the mobility management queue. The oper- 
ation of the packet scheduler 13 begins with decision 

15 step 301 to check to see if a packet is stored in the mo- 
bility management queue. If this is the case, flow pro- 
ceeds to step 302 to transmit a packet from the mobility 
management queue. If no packet is stored in the mobility 
management queue, flow proceeds from step 301 to 

20 step 303 to reorder the data queues in a descending 
order of their C/l ratios so that the queue having the high- 
est value of C/l ratio is positioned at the top of the 
queues. At step 304, a packet is transmitted from the 
top-position data queue at the data rate of the queue 

25 specified in the flow data memory 1 7. 

[0032] After packet retransmission subroutine 305 is 
performed following the execution of step 302 or 304, 
the packet scheduler 13 proceeds to step 306 to check 
to see if all queues are empty. If all queues are not emp- 

30 ty, flow returns to step 301 to repeat the process. Oth- 
erwise, the routine is terminated. 
[0033] The downlink repeater of the first embodiment 
further includes a bandwidth assignment unit 18 which 
is connected to the wireless interface 1 5 for transmitting 

35 a bandwidth assignment packet to a mobile terminal by 
using the flow data memory 17 according to the flow- 
chart of Fig. 5. In this embodiment, the request flag of 
the flow data memory 1 7 is used to indicate whether the 
requested bandwidth is satisfied (request flag = "0") or 

40 not satisfied (request flag = "1 "). 

[0034] In Fig. 5, the bandwidth assignment unit 1 8 be- 
gins its operation at step 401 by making a search 
through the flow data memory 1 7 for queues whose QoS 
value is not satisfied. If such QoS-unsatisfied queues 

45 are found (step 402), flow proceeds to step 403 to select 
a queue from the QoS-unsatisfied queues. At step 404, 
the assignment unit 1 8 assigns an additional bandwidth 
to the selected queue and sends a packet to the desti- 
nation mobile terminal to inform the assigned additional 

50 bandwidth (bytes). If QoS-unsatisfied queues are not 
found in the flow data memory, all queues are QoS-sat- 
isfied queues and flow proceeds from step 402 to step 
405 to reorder the QoS-satisfied queues in a descend- 
ing order of their C/l ratios so that the queue having the 

55 highest value of C/l ratio is positioned at the top of the 
queues. At step 406, the assignment unit 1 8 assigns an 
additional bandwidth to the top-position queue. Follow- 
ing the execution of steps 404 and 406, flow proceeds 
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to step 407 to update the requested byte size field of the 
assigned queue of the flow data memory with the addi- 
tionally assigned bandwidth. 

[0035] At decision step 408, the assignment unit 18 
checks to see if all data are transmittable over the up- 
dated bandwidth. If the decision is affirmative, flow pro- 
ceeds to step 409 to update the request flag to "0". Oth- 
erwise, the requested byte size field is updated by de- 
creasing its bandwidth to transmittable level (step 41 0). 
[0036] At step 411 , the assignment unit 1 8 searches 
the flow data memory 1 7 for a queue whose request flag 
is set to "1 ". If such a queue is found (step 41 2), the user 
requested bandwidth is not satisfied and flow returns to 
step 401 to repeat the process. Otherwise, the routine 
is terminated. 

[0037] A downlink repeater of a second embodiment 
of the present invention is shown in Fig. 6 in which ele- 
ments corresponding in significance to those in Fig. 1 
are marked with the same numerals as used in Fig. 1 
and the description thereof is omitted. The downlink re- 
peater of Fig. 6 differs essentially from the first embod- 
iment in that the queues are divided into a QoS-satisfied 
group of queues 20 and a QoS-unsatisfied group of 
queues 21 . In response to receipt of a downlink packet 
from the packet network, the packet sorter 1 0 examines 
its QoS parameter in the flow data memory 17 and de- 
termines if the QoS of the packet is satisfied or not. If 
the flow data memory 17 indicates that the QoS is sat- 
isfied for the packet, the packet sorter 10 instructs the 
queue manager 11 to store the packet into a corre- 
sponding one of the QoS-satisfied queues 20. Other- 
wise, the packet is stored in a corresponding one of the 
QoS-unsatisfied queues 21. 

[0038] Packet scheduler 13 of the second embodi- 
ment operates in a number of modes to assign higher 
priority to the QoS-unsatisfied queues 21 over the QoS- 
satisfied queues 20 according to the flowcharts of Figs. 
7, 8, 9 and 10. 

[0039] In Fig. 7, the operation of the packet scheduler 
of Fig. 6 begins with step 501 to make a search through 
the flow data memory 17 for a QoS-unsatisfied queue 
20. If at least one QoS-unsatisfied queue is found in the 
flow data memory (step 502), flow proceeds to step 503 
to select a QoS-unsatisfied queue if more than one QoS- 
unsatisfied queue exists and a packet is transmitted 
from the selected queue at the data rate of the queue 
specified in the flow data memory (step 504). Obviously, 
if there is only one QoS-unsatisfied queue 21 that is de- 
tected, a packet is sent from this queue at step 504. 
[0040] If there is no QoS-unsatisfied queue 21 in 
which packets are waiting for transmission, flow pro- 
ceeds from step 502 to step 505 to reorder the QoS- 
satisfied queues 20 in a descending order of their C/l 
ratios so that the queue having the highest C/l ratio is 
positioned at the top of the QoS-satisfied queues 20. At 
step 506, a packet is transmitted from the top-position 
QoS-satisfied queue 20 at the data rate of the queue 
specified in the flow data memory. 



[0041] A packet retransmission subroutine 507 then 
follows. At step 508, the packet scheduler performs re- 
calculations on all queues as to their data rates by taking 
into their service classes and other factors, reevaluates 

5 the QoS parameters of all queues as to whether their 
QoS values are satisfied or not and updates the QoS 
flags of flow data memory 1 7 for transposing queues be- 
tween QoS-satisfied group and QoS-unsatisfied group. 
The emptiness of all queues is checked at step 509 to 

10 return to step 501 to repeat the process if all queues are 
not empty and terminate the routine if all queues are 
empty. 

[0042] In Fig. 8, the packet scheduler assigns highest 
priority to QoS-unsatisfied queues 21 over the QoS-sat- 

15 isfied queues 20 similar to Fig. 7, and next highest pri- 
ority to copies of packets of QoS-satisfied queues 20 
stored in the retransmit memory 14. 
[0043] In this variation of the present invention, the 
operation of the packet scheduler begins with step 601 

20 to make a search through the flow data memory 1 7 for 
a QoS-unsatisfied queue 20. If at least one QoS-unsat- 
isfied queue is found in the flow data memory (step 602), 
flow proceeds to step 603 to select a QoS-unsatisfied 
queue if more than one QoS-unsatisfied queue exists 

25 and a packet is transmitted from the selected queue at 
the data rate of the queue specified in the flow data 
memory (step 604). If there is only one QoS-unsatisfied 
queue 21 that is detected, a packet is sent from this 
queue. Packet scheduler 1 3 proceeds from step 604 to 

30 step 605 to perform packet retransmission subroutine 
605 and proceeds to step 614 to perform recalculations 
on all queues as to their data rates by taking into their 
service classes and other factors and updates the flow 
data memory 17. Flow proceeds to step 615 to deter- 

35 mine whether all queues are empty. If all queues are not 
empty, the packet scheduler returns to step 601 to re- 
peat the process. If all queues are empty, the routine is 
terminated. 

[0044] If there is no QoS-unsatisfied queue 21 in 

40 which packets are waiting for transmission, flow pro- 
ceeds from step 602 to next decision step 606 to search 
the flow data memory for entries of QoS-satisfied 
queues 20 in which a "1 " is set in their retransmit flag. 
[0045] If there is at least one copy of packet of QoS- 

45 satisfied queues is stored in the retransmit memory 14, 
the decision is affirmative at step 606 and flow proceeds 
to step 607 to reorder mobile terminals whose retransmit 
flag is set to "1" in the flow data memory according to 
their C/l ratios so that the mobile terminal of highest 01 

50 | ratio is positioned at the top of all mobile terminals. At 
step 608, packets are transmitted from the retransmit 
memory 14 to the mobile terminal of highest C/l ratio at 
the data rates of this mobile terminal specified in the flow 
data memory 17. Packet scheduler 13 proceeds from 

55 step 608 to step 612 and checks the retransmit flag of 
the entry of flow data memory corresponding to the 
transmitted packet to see if it has changed to "0". If this 
is the case, the copy of the packet is discarded from the 



6 



11 



EP 1 330 080 A2 



12 



retransmit memory 14 (step 613) and flow proceeds to 
step 614. Otherwise, flow proceeds from step 612 to 
step 614, leaving the unacknowledged packet in the re- 
transmit memory 14. 

[0046] If there is no packet of QoS-satisfied queues 
is stored in the retransmit memory 14, the decision is 
negative at step 606 and flow proceeds to step 609 to 
reorder the QoS-satisfied queues 20 in a descending 
order of their C/l ratios so that the queue of highest C/l 
ratio is positioned at the top of all QoS-satisfied queues. 
At step 61 0, a packet is transmitted from the top-position 
QoS-satisfied queue at the data rate of the queue spec- 
ified in the flow data memory, and flow proceeds to step 
61 1 to store a copy of the packet in the retransmit mem- 
ory 14. Packet scheduler 13 proceeds from step 611 to 
step 612 and checks the retransmit flag of the entry of 
flow data memory corresponding to the transmitted 
packet to see if it has changed to "0". If so, the copy of 
the packet is discarded from the retransmit memory 14 
(step 613) and flow proceeds to step 614 for recalcula- 
tions and updating of the flow data memory. If the trans- 
mitted packet is not acknowledged by the destination, 
the retransmit flag is set to "1", and flow proceeds from 
step 612 to step 61 4, leaving the unacknowledged pack- 
et in the retransmit memory 14. 

[0047] As the routine Fig. 8 is repeatedly executed, 
copies of unacknowledged downlink packets will be 
stored in the retransmit memory 14 and will be given 
higher priority over the packets of QoS-satisfied queues 
20 for retransmission. 

[0048] In Fig. 9, the packet scheduler assigns highest 
priority to QoS-unsatisfied queues 21 over the QoS-sat- 
isfied queues 20 similar to Figs. 7 and 8, and then uses 
a queue cycle counter to detect the timing when a packet 
transmission has been performed once for each of the 
QoS-satisfied queues 20 and prioritizes all QoS-satis- 
fied queues for a subsequent cycle of N packet trans- 
missions, where N is equal to the number of QoS-satis- 
fied queues 20. 

[0049] In this variation, the operation of the packet 
scheduler begins with step 701 to make a search 
through the flow data memory 1 7 for a QoS-unsatisfied 
queue 20. If at least one QoS-unsatisfied queue is found 
in the flow data memory (step 702), flow proceeds to 
step 703 to select a QoS-unsatisfied queue if more than 
one QoS-unsatisfied queue exists and a packet is trans- 
mitted from the selected queue at the data rate of the 
queue specified in the flow data memory (step 704). If 
there is only one QoS-unsatisfied queue 21 that is de- 
tected, a packet is sent from this queue. Packet sched- 
uler 1 3 proceeds from step 704 to packet retransmission 
subroutine 705 in which packet is transmitted at the data 
rate of the queue specified in the flow data memory 1 7. 
At step 706, the packet scheduler performs recalcula- 
tions on all queues as to their data rates by taking into 
their service classes and other factors and updates the 
flow data memory 1 7. Flow proceeds to step 71 5 to de- 
termine whether all queues are empty. If all queues are 



not empty, the packet scheduler returns to step 701 to 
repeat the process. If all queues are empty, the routine 
is terminated. 

[0050] If there is no QoS-unsatisfied queue, the deci- 
5 sion at step 702 is negative and flow proceeds to step 

707 to check to see if the count value (C) of the queue 
cycle counter is equal to N. If the decision is affirmative 
at step 707, the packet scheduler 13 proceeds to step 

708 to reorder the QoS-satisfied queues 20 in a de- 
scending order of their C/l ratios. Thus, the queue hav- 
ing the highest value of C/l ratios is positioned at the top 
of all QoS-satisfied queues 20. Additionally, the reor- 
dered queues are ranked with labels indicating their 
ranking according to their qualities of wireless links. At 
step 709, the packet scheduler assigns respective data 
rates to the reordered QoS-satisfied queues according 
to the ranks so that the top-ranking queue is assigned 
a data rate that is highest of all the assigned data rates. 
In a specific aspect, different C/l ratios of predetermined 
values are mapped to corresponding weight factors in 
advance in memory. To assign a date rate to a QoS- 
satisfied queue having a C/l ratio other than the highest 
value, a weight factor is determined for the queue cor- 
responding to the C/l ratio and the highest date rate of 
the queues is weighted by the weight factor. The weight- 
ed data rate is then assigned to that QoS-satisfied 
queue. The queue cycle counter is then reset to zero at 
step 71 0 and flow proceeds to step 71 1 to begin a packet 
transmission. 

[0051] At step 711 , the packet scheduler transmits a 
packet from the top-position QoS-satisfied queue to the 
destination of the packet at the assigned data rate of the 
queue. At step 71 2, the packet scheduler increments the 
queue cycle counter by one, and performs packet re- 
transmission subroutine 713 at the assigned data rate. 
[0052] At step 714, the packet scheduler reevaluates 
the QoS parameters of all queues with the assigned da- 
ta rates to update the QoS flags, updates the QoS flags, 
transpose packets between a QoS-satisfied queue and 
a QoS unsatisfied queue according to the updated QoS 
flags, and updates the flow data memory according to 
the evaluation. At step 715, the emptiness of all queues 
is checked to return to step 701 to repeat the process if 
all queues are not empty and terminate the routine if all 
queues are empty. 

[0053] In Fig. 1 0, the packet scheduler assigns high- 
est priority to QoS-unsatisfied queues 21 over the QoS- 
satisfied queues 20 similar to Figs. 7, 8 and 9, and then 
uses a plurality of cache memories for counting the time 
lapse from the instant a packet is transmitted from each 
of the QoS-satisfied queues in order to detect those 
QoS-satisfied queues, as higher priority queues, whose 
last transmission has occurred a predetermined time in- 
terval past. 

[0054] In this variation, the operation of the packet 
scheduler begins with step 801 to make a search 
through the flow data memory 1 7 for a QoS-unsatisfied 
queue 20. If at least one QoS-unsatisfied queue is found 
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in the flow data memory (step 802), flow proceeds to 
step 803 to select a QoS-unsatisfied queue if more than 
one QoS-unsatisfied queue exists and a packet is trans- 
mitted from the selected queue at the data rate of the 
queue specified in the flow data memory (step 804). If 
there is only one QoS-unsatisfied queue 21 that is de- 
tected, a packet is sent from this queue. Following the 
execution of step 804, packet retransmission subroutine 
805 is performed on a copy of the packet just transmitted 
from the QoS-unsatisfied queue. Packet scheduler 13 
proceeds from packet retransmission subroutine 805 to 
step 806 to perform recalculations on all queues as to 
their data rates and reevaluates their QoS values and 
transposes packets between QoS-satisfied queues and 
QoS-unsatisfied queues and updates the flow data 
memory 17 accordingly, and makes an emptiness test 
for all queues (step 807) to return to step 801 if they are 
not all-empty or terminate the routine otherwise. 
[0055] If there is no QoS-unsatisfied queue, flow pro- 
ceeds from step 802 to step 808 to make a search 
through all QoS-satisfied queues whose cache memory 
has expired. If there is at least one QoS-satisfied queue 
whose last packet transmission has occurred before a 
predetermined time interval past, the cache memory of 
the queue has expired already and the decision at step 

809 is affirmative. In this case, flow proceeds to step 

81 0 to reorder the cache-expired QoS-satisfied queues 
in a descending order of their C/l ratios so that a cache- 
expired QoS-satisfied queue of the highest C/l ratio is 
positioned at the top of all the cache-expired QoS-sat- 
isfied queues. At step 81 1 , a packet is transmitted from 
the top-position queue at the data rate of the queue as 
specified in the flow data memory. 

[0056] If the last packet transmissions of all QoS-sat- 
isfied queues have occurred within the predetermined 
time interval, all the cache memories are not expired and 
the decision at step 809 is negative. In this case, flow 
proceeds to step 812 to reorder the cache-unexpired 
QoS-satisfied queues in a descending order of their CI 
I ratios so that a cache-unexpired QoS-satisfied queue 
of the highest C/l ratio is positioned at the top of all the 
cache-unexpired QoS-satisfied queues. At step 813, a 
packet is transmitted from the top-position queue at the 
data rate of the queue as specified in the flow data mem- 
ory. 

[0057] Following the execution of either of steps 811 
and 813, packet retransmission subroutine 814 is per- 
formed on a copy of the packet transmitted from the 
queue of step 811 or 81 3. At step 81 5, the cache mem- 
ory of the queue of step 811 or 813 is started and flow 
proceeds to recalculation and updating step 806. 



Claims 

1. A method of scheduling packets for transmission 
from a wireless base station to a plurality of mobile 
terminals, comprising: 



a) receiving packets from a network and form- 
ing the received packets into a plurality of 
queues according to destinations of the mobile 
terminals; 

5 b) reordering said queues in a descending or- 

der of qualities of wireless links between the 
base station and said mobile terminals; 

c) assigning data rates to said queues respec- 
tively according to said qualities of wireless 

10 links; and 

d) sequentially transmitting packets from the re- 
ordered queues to said mobile terminals. 

2. A method of scheduling packets for transmission 
15 from a wireless base station to a plurality of mobile 

terminals, comprising: 

a) receiving packets from a network and form- 
ing the received packets into a plurality of 

20 queues according to destinations of said mobile 

terminals; 

b) transmitting a packet from one of said 
queues which is formed prior to a predeter- 
mined past time interval; 

25 c) reordering those of said queues which are 

formed within said predetermined past time in- 
terval in a descending order of qualities of wire- 
less links between the base station and said 
mobile terminals; and 
30 d) sequentially transmitting packets from the re- 

ordered queues to said mobile terminals. 

3. The method of claim 2, wherein step (b) further 
comprises detecting a handover when a mobile ter- 

35 minal has moved into the cell-site area of the base 
station and transmitting a packet from a queue 
which is formed as a result of the detected hando- 
ver. 

40 4. a method of scheduling packets for transmission 
from a wireless base station to a plurality of mobile 
terminals, comprising: 

a) receiving packets from a network and form- 
45 jng the received packets into a plurality of 

queues according to destinations of said mobile 
terminals; 

b) transmitting at least one mobility manage- 
ment packet from one of said queues to said 

50 mobile terminals; 

c) reordering said queues in a descending or- 
der of qualities of wireless links between the 
base station and said mobile terminals; and 

d) sequentially transmitting packets from the re- 
55 ordered queues to said mobile terminals. 

5. The method of any one of claims 1 , 2 and 4, further 
comprising the steps of: 
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assigning an additional bandwidth to one of 
said queues in which quality of service is not 
satisfied and informing a mobile terminal of the 
assigned bandwidth; 

reordering said queues in which quality of serv- 5 
ice is satisfied according to a descending order 
of qualities of associated wireless links be- 
tween the base station and said mobile termi- 
nals; and 

respectively assigning additional bandwidths to 10 
the reordered queues according to the qualities 
of associated wireless links and informing the 
mobile terminals of the assigned respective 
bandwidths. 

15 

6. The method of any one of claims 1 , 2 and 4, further 
comprising: 

storing a copy of a packet transmitted from said 
queues in a retransmit memory; 20 
discarding the stored copy of packet from the 
retransmit memory when an acknowledgement 
message is received from the destination of the 
packet; and 

reordering copies of packets stored in said re- 25 
transmit memory in a descending order of qual- 
ities of wireless links between the base station 
and destination mobile terminals of the stored 
packet copies and sequentially transmitting the 
reordered copies to said mobile terminals be- 30 
fore transmitting packets from said reordered 
queues. 

7. The method of any one of claims 1 , 2 and 4, further 
comprising: 35 

dividing said queues into afirst group of queues 
in which last packet transmission has occurred 
before a predetermined time interval has 
elapsed and asecond group of queues in which 40 
last packet transmission has occurred within 
said predetermined time interval; 
reordering the queues of the first group of 
queues in a descending order to said qualities 
of wireless links and sequentially transmitting 45 
all packets from the first group of queues to said 
mobile terminals; and 

reordering the queues of the second group of 
queues in a descending order to said qualities 
of wireless links and sequentially transmitting 50 
all packets from the second group of queues to 
said mobile terminals. 

8. A method of scheduling packets for transmission 
from a wireless base station to a plurality of mobile 55 
terminals, comprising: 

a) receiving packets from a network and form- 



ing the received packets, according to destina- 
tions of said mobile terminals, into a first group 
of queues in which quality of service is not sat- 
isfied and a second group of queues in which 
quality of service is satisfied; 

b) sequentially transmitting all packets from the 
queues of the first group to said mobile termi- 
nals; and 

c) reordering the queues of the second group 
in a descending order of qualities of wireless 
links between the base station and said mobile 
terminals, and sequentially transmitting all 
packets from the reordered queues of the sec- 
ond group to said mobile terminals. 

9. The method of claim 8, further comprising: 

storing a copy of a packet transmitted from said 
second group of queues in a retransmit mem- 
ory; 

discarding the stored copy of packet from the 
retransmit memory when an acknowledgement 
message is received from the destination of the 
packet; and 

reordering copies of packets stored in said re- 
transmit memory in a descending order of qual- 
ities of wireless links between the base station 
and destination mobile terminals of the stored 
packet copies and sequentially transmitting the 
reordered copies to said mobile terminals be- 
fore transmitting packets from the reordered 
queues of the second group. 

10. The method of claim 8, wherein step (c) assigns da- 
ta rates to the queues of said second group respec- 
tively according to said qualities of wireless links, 
and sequentially, transmits packets from said 
queues of the second group at the assigned data 
rates. 

1 1 . The method of claim 8, further comprising : 

dividing the queues of said second group into 
a first subgroup of queues in which last packet 
transmission has occurred before a predeter- 
mined time interval has elapsed and a second 
subgroup of queues in which last packet trans- 
mission has occurred within said predeter- 
mined time interval; 

reordering the queues of the first subgroup of 
queues in a descending order to said qualities 
of wireless links and sequentially transmitting 
all packets from the first subgroup of queues to 
said mobile terminals; and 
reordering the queues of the second subgroup 
of queues in a descending order to said quali- 
ties of wireless links and sequentially transmit- 
ting all packets from the second subgroup of 
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queues to said mobile terminals. 

12. A packet repeater for repeating packets for trans- 
mission from a wireless base station to a plurality 

of mobile terminals, comprising: 5 

a memory; 

a packet analyzer for receiving uplink packets 
from said mobile terminals and storing data in- 
dicating quality of each wireless link between 10 
the base station and each of said mobile termi- 
nals in said memory; 
a plurality of buffers; 

a packet sorter for receiving downlink packets 
from a network and storing the received pack- 15 
ets into said buffers according to destinations 
of the downlink packets; and 
a packet scheduler for reordering said queues 
in a descending order of qualities of wireless 
links between the base station and said mobile 20 
terminals, assigning data rates to said queues 
respectively according to said qualities of wire- 
less links, and sequentially transmitting pack- 
ets from the reordered queues to said mobile 
terminals. 25 

13. A packet repeater for repeating packets for trans- 
mission from a wireless base station to a plurality 
of mobile terminals, comprising: 

30 

a memory; 

a packet analyzer for receiving uplink packets 
from said mobile terminals and storing data in- 
dicating quality of each wireless link between 
the base station and each of said mobile termi- 35 
nals in said memory; 
a plurality of buffers; 

a packet sorter for receiving downlink packets 
from a network and storing the received pack- 
ets into said buffers according to destinations 40 
of the downlink packets; and 
a packet scheduler for transmitting a packet 
from one of said queues which is formed prior 
to a predetermined past time interval, reorder- 
ing those of said queues which are formed with- 45 
in said predetermined past time interval in ade- 
scending order of qualities of wireless links be- 
tween the base station and said mobile termi- 
nals, and sequentially transmitting packets 
from the reordered queues to said mobile ter- 50 
minals. 

14. The packet scheduler of claim 13, wherein said 
packet scheduler detects a handover when a mobile 
terminal has moved into the cell-site area of the 55 
base station and transmits a packet from a queue 
which is formed as a result of the detected hando- 
ver. 



15. A packet repeater for repeating packets for trans- 
mission from a wireless base station to a plurality 
of mobile terminals, comprising: 

a memory; 

a packet analyzer for receiving uplink packets 
from said mobile terminals and storing data in- 
dicating quality of each wireless link between 
the base station and each of said mobile termi- 
nals in said memory; 
a plurality of buffers; 

a packet sorter for receiving downlink packets 
from a network and storing the received pack- 
ets into said buffers according to destinations 
of the downlink packets; and 
a packet scheduler for transmitting at least one 
mobility management packet from one of said 
queues to said mobile terminals, reordering 
said queues in a descending order of qualities 
of wireless links between the base station and 
said mobile terminals, and sequentially trans- 
mitting packets from the reordered queues to 
said mobile terminals. 

16. The packet repeater of anyone of claims 12, 13 and 
15, further comprising a bandwidth assignment unit 
which performs the functions of: 

assigning an additional bandwidth to one of 
said queues in which quality of service is not 
satisfied and informing a mobile terminal of the 
assigned bandwidth; 

reordering said queues in which quality of serv- 
ice is satisfied according to a descending order 
of qualities of associated wireless links be- 
tween the base station and said mobile termi- 
nals; and 

respectively assigning additional bandwidths to 
the reordered queues according to the qualities 
of associated wireless links and informing the 
mobile terminals of the assigned respective 
bandwidths. 

17. The packet repeater of any one of claims 12, 13 and 
15, further comprising a retransmit memory, and 
wherein the packet scheduler further performs the 
functions of: 

storing a copy of a packet transmitted from said 
second group of queues in said retransmit 
memory; 

discarding the stored copy of packet from the 
retransmit memory when an acknowledgement 
message is received from the destination of the 
packet; and 

reordering copies of packets stored in said re- 
transmit memory in a descending order of qual- 
ities of wireless links between the base station 
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and destination mobile terminals of the stored 
packet copies and sequentially transmitting the 
reordered copies to said mobile terminals be- 
fore transmitting packets from said reordered 
queues. 

18. The packet repeater of any one of claim s 12, 13 
and 15, wherein said packet scheduler further per- 
forms the functions of: 

dividing said queues into a first group of queues 
in which last packet transmission has occurred 
before a predetermined time interval has 
elapsed and a second subgroup of queues in 
which last packet transmission has occurred 
within said predetermined time interval; 
reordering the queues of the first group of 
queues in a descending order to said qualities 
of wireless links and sequentially transmitting 
all packets from the first group of queues to said 
mobile terminals; and 

reordering the queues of the second group of 
queues in a descending order to said qualities 
of wireless links and sequentially transmitting 
all packets from the second group of queues to 
said mobile terminals. 

19. A packet repeater for repeating packets for trans- 
mission from a wireless base station to a plurality 
of mobile terminals, comprising: 

a memory; 

a packet analyzer for receiving uplink packets 
from said mobile terminals and storing data in- 
dicating quality of each wireless link between 
the base station and each of said mobile termi- 
nals in said memory; 
a plurality of buffers; 

a packet sorter for receiving downlink packets 
from a network and storing the received pack- 
ets into said buffers according to destinations 
of the downlink packets and data stored in said 
memory to form a first group of queues in which 
quality of service is not satisfied and a second 
group of queues in which quality of service is 
satisfied; and 

a packet scheduler for sequentially transmitting 
all packets from the queues of the first group to 
said mobile terminals, and reordering the 
queues of the second group in a descending 
order of qualities of wireless links between the 
base station and said mobile terminals, and se- 
quentially transmitting all packets from the re- 
ordered queues of the second group to said 
mobile terminals. 

20. The packet repeater of claim 1 9, further comprising 
a retransmit memory, and wherein the packet 



scheduler further performs the functions of: 

storing a copy of a packet transmitted from said 
second group of queues in said retransmit 
5 memory; 

discarding the stored copy of packet from the 
retransmit memory when an acknowledgement 
message is received from the destination of the 
packet; and 

10 reordering copies of packets stored in said re- 

transmit memory in a descending order of qual- 
ities of wireless links between the base station 
and destination mobile terminals of the stored 
packet copies and sequentially transmitting the 

15 reordered copies to said mobile terminals be- 

fore transmitting packets from the reordered 
queues of the second group. 

21 . The packet repeater of claim 1 9, wherein the packet 
20 scheduler assigns data rates to the queues of said 

second group respectively according to said quali- 
ties of wireless links, and sequentially transmits 
packets from said queues of the second group at 
the assigned data rates. 

25 

22. The packet repeater of claim 1 9, wherein said pack- 
et scheduler further performs the functions of: 

dividing the queues of said second group into 
30 a first subgroup of queues in which last packet 

transmission has occurred before a predeter- 
mined time interval has elapsed and a second 
subgroup of queues in which last packet trans- 
mission has occurred within said predeter- 
35 mined time interval; 

reordering the queues of the first subgroup of 
queues in a descending order to said qualities 
of wireless links and sequentially transmitting 
all packets from the first subgroup of queues to 
40 said mobile terminals; and 

reordering the queues of the second subgroup 
of queues in a descending order to said quali- 
ties of wireless links and sequentially transmit- 
ting all packets from the second subgroup of 
45 queues to said mobile terminals. 

23. A computer-readable storage medium containing a 
program of scheduling packets for transmission 
from a wireless base station to a plurality of mobile 

50 terminals, said program comprising the steps of: 

a) receiving packets from a network and form- 
ing the received packets into a plurality of 
queues according to destinations of said mobile 

55 terminals; and 

b) reordering said queues in a descending or- 
der of qualities of wireless links between the 
base station and said mobile terminals; 
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c) assigning data rates to said queues respec- 
tively according to said qualities of wireless 
links; and 

d) sequentially transmitting packets from the re- 
ordered queues to said mobile terminals. 

24. A computer-readable storage medium containing a 
program of scheduling packets for transmission 
from a wireless base station to a plurality of mobile 
terminals, said program comprising the steps of: 

a) receiving packets from a network and form- 
ing the received packets into a plurality of 
queues according to destinations of said mobile 
terminals; 

b) transmitting a packet from one of said 
queues which is formed prior to a predeter- 
mined past time interval; 

c) reordering those of said queues which are 
formed within said predetermined past time in- 
terval in a descending order of qualities of wire- 
less links between the base station and said 
mobile terminals; and 

d) sequentially transmitting packets from the re- 
ordered queues to said mobile terminals. 

25. The computer-readable storage medium of claim 
24, wherein step (b) further comprises detecting a 
handover when a mobile terminal has moved into 
the cell-site area of the base station and transmit- 
ting a packet from a queue which is formed as a 
result of the detected handover. 



assigned bandwidth; 

reordering said queues in which quality of serv- 
ice is satisfied according to a descending order 
of qualities of associated wireless links be- 
5 tween the base station and said mobile termi- 

nals; and 

respectively assigning additional bandwidths to 
the reordered queues according to the qualities 
of associated wireless links and informing the 
10 mobile terminals of the assigned respective 

bandwidths. 

28. The computer-readable storage medium of any one 
of claims 23, 24 and 26, comprising: 

15 

storing a copy of a packet transmitted from said 
queues in a retransmit memory; 
discarding the stored copy of packet from the 
retransmit memory when an acknowledgement 
20 message is received from the destination of the 

packet; and 

reordering copies of packets stored in said re- 
transmit memory in a descending order of qual- 
ities of wireless links between the base station 
25 and destination mobile terminals of the stored 

packet copies and sequentially transmitting the 
reordered copies to said mobile terminals be- 
fore transmitting packets from said reordered 
queues. 

30 

29. The computer-readable storage medium of any one 
of claims 23, 24 and 26, further comprising: 



26. A computer-readable storage medium containing a 
program of scheduling packets for transmission 
from a wireless base station to a plurality of mobile 
terminals, said program comprising the steps of: 

a) receiving packets from a network and form- 
ing the received packets into a plurality of 
queues according to destinations of said mobile 
terminals; 

b) transmitting at least one mobility manage- 
ment packet from one of said queues to said 
mobile terminals; 

c) reordering said queues in a descending or- 
der of qualities of wireless links between the 
base station and said mobile terminals; and 

d) sequentially transmitting packets from the re- 
ordered queues to said mobile terminals. 

27. The computer-readable storage medium of any one 
of claims 23, 24 and 26, further comprising the steps 
of: 

assigning an additional bandwidth to one of 
said queues in which quality of service is not 
satisfied and informing a mobile terminal of the 



dividing said queues into a first group of queues 
35 in which last packet transmission has occurred 

before a predetermined time interval has 
elapsed and a second group of queues in which 
last packet transmission has occurred within 
said predetermined time interval; 
40 reordering the queues of the first group of 

queues in a descending order to said qualities 
of wireless links and sequentially transmitting 
all packets from the first group of queues to said 
mobile terminals; and 
45 reordering the queues of the second group of 

queues in a descending order to said qualities 
of wireless links and sequentially transmitting 
all packets from the second group of queues to 
said mobile terminals. 

50 

30. A computer-readable storage medium containing a 
program of scheduling packets for transmission 
from a wireless base station to a plurality of mobile 
terminals, said program comprising the steps of: 

55 

a) receiving packets from a network and form- 
ing the received packets, according to destina- 
tions of said mobile terminals, into a first group 
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24 



of queues in which quality of service is not sat- 
isfied and a second group of queues in which 
quality of service is satisfied; 

b) sequentially transmitting all packets from the 
queues of the first group to said mobile termi- 5 
nals; and 

c) reordering the queues of the second group 
in a descending order of qualities of wireless 
links between the base station and said mobile 
terminals, and sequentially transmitting all 10 
packets from the reordered queues of the sec- 
ond group to said mobile terminals. 

31. The computer-readable storage medium of claim 

30, further comprising: 15 

storing a copy of a packet transmitted from said 
second group of queues in a retransmit mem- 
ory; 

discarding the stored copy of packet from the 20 
retransmit memory when an acknowledgement 
message is received from the destination of the 
packet; and 

reordering copies of packets stored in said re- 
transmit memory in a descending order of qual- 25 
ities of wireless links between the base station 
and destination mobile terminals of the stored 
packet copies and sequentially transmitting the 
reordered copies to said mobile terminals be- 
fore transmitting packets from the reordered 30 
queues of the second group. 

32. The computer-readable storage medium of claim 
30, wherein step (c) assigns data rates to the 
queues of said second group respectively accord- 35 
ing to said qualities of wireless links, and sequen- 
tially transmits packets from said queues of the sec- 
ond group at the assigned data rates. 

33. The computer-readable storage medium of claim 40 
30, further comprising: 

dividing the queues of said second group into 
a first subgroup of queues in which last packet 
transmission has occurred before a predeter- 45 
mined time interval has elapsed and a second 
subgroup of queues in which last packet trans- 
mission has occurred within said predeter- 
mined time interval; 

reordering the queues of the first subgroup of 50 
queues in a descending order to said qualities 
of wireless links and sequentially transmitting 
all packets from the first subgroup of queues to 
said mobile terminals; and 

reordering the queues of the second subgroup 55 
of queues in a descending order to said quali- 
ties of wireless links and sequentially transmit- 
ting all packets from the second subgroup of 



queues to said mobile terminals. 
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